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Abstract
Purpose Large quantities of green seaweeds, resulting
from the eutrophication, are cast ashore on the beaches of
Baltic Sea (Poland). There is a necessity to collect this
biomass and dispose in a cost-effective and environmental-
friendly method. In the present paper, preliminary study on
the possibility of composting of Baltic algae is described.
After 8 weeks, algal compost and compost extract were
produced. The obtained bio-products are expected to
enhance plant growth and crop yield since seaweeds are
known to be rich in macro- and microelement nutrients,
amino acids, vitamins and plant growth promoting
substances.
Methods The obtained compost and compost extract were
characterized in terms of the content of micro- and
macroelements and toxic metals. The phytotoxicity of
products were then biologically evaluated in germination
tests on garden cress (Lepidium sativum) and radish
(Raphanus sativus). In the control group, both plant species
were watered with distilled water. After the experiment,
dry weight of the cultivated plants was measured. More-
over, yield and the content of and micro- and macronutri-
ents in plants was determined.
Results Results showed that there were no phytotoxic
effects in both cases and the addition of compost and
extract increased the plant growth. The difference in
weight for both plants between the examined groups was
insignificant. The biomass of plants fertilized with the algal
compost and extract was biofortified in micro- and
macroelements (in particular B, Fe, Cu, Zn, Ca, K, S).
Conclusions According to these results, composting is a
useful technology both to solve waste disposal problems
and to produce a valuable organic fertilizer. This could
help to reduce the use of chemical fertilizers and improve
physicochemical properties of the soil and to increase the
plant growth.
Keywords Macroalgae  Baltic Sea  Compost  Compost
extract  Natural fertilizer  Plant growth biostimulant
Introduction
Intense growth of seaweeds and their drifts, being a result
of eutrophication in coastal ecosystems is observed [1–4].
In some countries, algal biomass is collected in order to
remove nutrients and organic matter from the coastal
waters [1, 5]. Part of this biomass is used as a fertilizer in
the nearby land [6], part is designated for the landfill dis-
posal (many disadvantages, e.g., high costs, lack of the area
suitable for waste settlement, leachate and biogas produc-
tion during decomposition of algae) [7], part is allocated
for the composting purposes [1, 2, 8, 9]. The last option
opens interesting prospects for the treatment of seaweeds
with the possibility of the recovery of fertilizing value of
algal biomass [7]. Recycling of nutrients that minimizes
their quantity imported to the farm (especially through the
fertilizers) is promoted by the organic agriculture, which
seeks for high quality food while respecting the environ-
ment and maintaining soil fertility by the optimal use of
resources [10]. Seaweeds (fresh and dry) or its products
(extracts, composts, soil conditioners) have been used in
agriculture for a long time to enhance plant growth and
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productivity [11]. One of the main benefits of organic
fertilizers is the release of available nutrients into soil,
which may last for several years [12].
Different composting technologies are applied for algal
biomass stabilisation. Generally they are divided into three
groups: (1) passive piles or windrows—material is left
undisturbed and relies on natural convective air flows for
aeration; (2) turned or aerated piles or windrows—air is
incorporated when the material is mechanically turned and
mixed and (3) in-vessel systems—optimum environmental
conditions (aeration, moisture, temperature) for the quick
decomposition of algal biomass [2, 9]. The obtained
compost quality varies with the feedstocks that were used
to produce it, the applied methods of pre-treatment of
materials before composting, the composting time, the
method in which the product is processed after composting
etc. [13].
Co-composting of drifting and beach-cast seaweeds is a
useful method of utilization of the waste biomass. Marine
algae, as a component of the composting mixture, have been
tested for the use as a source of elements (micro- and
macroelements) and chemical substances (e.g., amino acids,
vitamins, plant growth hormones, polysaccharides), which
are known to have fertilizer or protective role [14]. There are
four main pathways in which macroalgae can contribute to
the plant health: (1) nutritional benefits (nitrogen, phospho-
rous, potassium, trace elements), (2) disease resistance
(sulphated polysaccharides), (3) endocrine effects (cy-
tokinins, auxins, gibberellins) and (4) soil conditioning
(water holding capacity, beneficial soil biotia) [15].
The obtained algal product in the composting process
can be suitable for the agricultural use as a fertilizer, soil
amendment or plant growth substrate [1, 16]. By avoiding
the use of a treated straw or urban and industrial sludge in
the compost as co-composting materials, the produced
seaweed compost shows very low content of pesticides,
such as organochlorine compounds and cereal growth
regulators [5]. Seaweed compost treated as organic fertil-
izer has several advantages over regular plant compost,
especially in the case of the content of micro- (Mn, Zn, I)
and macroelements (P, K, Ca, Mg), as well as the content
of plant hormones such as total auxins and cytokinins
(adenine) (*5 times more) and total amino acids (*7
times more) [17].
The second interesting group of algal products are
extracts. They are considered as a new generation of
products for sustainable agriculture—plant growth bios-
timulants [18–20]. These liquid products contain highly
effective compounds that promote faster germination of
seeds, increase the yield and the resistance to the biotic and
abiotic stress. Their application may avoid excessive fer-
tilization since they can improve mineral absorption by
plants. Unlike, chemical fertilizers, extracts derived from
seaweeds are biodegradable, nontoxic, non-polluting and
non-hazardous to plants [18]. Seaweed extracts are known
to contain nutrients that are essential for plant growth
[18, 20].
The aim of the present study was to develop a simple
method for the conversion of seaweed biomass into nat-
ural compost and extract. The obtained products were
examined in terms of their phycotoxicity [germination
tests on garden cress (Lepidium sativum) and radish
(Raphanus sativus)] and multielemental composition
using ICP-OES method. Additionally, the effect of algal
compost as a natural organic fertilizer and compost
extracts as biostimulant on the plant growth was evalu-
ated. The yield and the mineral composition of the cul-
tivated plants were determined.
Materials and Methods
Raw Material for Composting
Drifting marine macroalgae were collected from the Baltic
Sea near Sopot beach (Poland) in August 2013 when algal
biomass was at its annual maximum. Multi-species sea-
weed biomass consisted of the green algae Cladophora
glomerata, Ulva flexuosa, Ulva clathrata and the red alga
Polysiphonia fucoides. Then the biomass has been sub-
jected to the following processes: (1) rinsing with tap water
immediately after collection to remove salt and sand, (2)
removal of bigger impurities such as stones, shells and
pieces of wood in a perforated rotary drum, (3) dewatering
using hydraulic press (AWELD, Czech Republic), (4)
drying in the rotary drum at \55 C (Tessa, Poland) to
reduce water content in algae below 15 % [20]. After-
wards, algal biomass was pelleted using a Granulator TL
700 (Gama Pardubice, Czech Republic).
Composting of Algae
About 1 ton of dry, pelleted Baltic algae underwent
composting process. The process was conducted in the
open air in a pile with dimensions of approximately
1.5 m 9 1 m 9 1.2 m, which allowed for the effect of so
called ‘‘chimney aeration’’. Moisture was maintained at
the level 60–65 % for 6 weeks. The mixture was over-
turned once a week. The maximum temperature achieved
was 38 C. The temperature was measured (in triplicate)
during the process, at various points around the piles, at a
depth of 60 cm. The maturity of the compost was eval-
uated by measuring the parameters such as change of the
odour, colour and the structure of compost and perform-
ing the phytotoxicity test. The resulting compost was also
characterized with respect to chemical composition.
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Extract from the Compost
From the obtained compost, extract was produced
according to the procedure described by Alvarado et al.
[21]. Subsequently, 130 g of the compost was filtered using
a funnel with filter paper (Whatman Filter Paper No. 2; GE
Healthcare Life Sciences, Little Chalfont, England) and
300 mL of distilled water. The process was repeated 5
times. An intense brown colour liquid was obtained. The
filtrate was considered as 100 % [21]. The obtained extract
from the compost was characterized in terms of chemical
composition and phytotoxicity.
The Phytotoxicity of Compost—Germination Tests
The phytotoxicity of compost and compost extract was
evaluated in seed germination of cress (Lepidium sativum)
and radish (Raphanus sativus). These two plants were chosen
because they can reach maturity in short time period (to
2 weeks). Tests were carried out on plates (90 mm diameter)
with wool in a germinator—type Jacobsen (Laborset, Lodz,
Poland) in the room temperature, according to the interna-
tional norm (International Rules for Seed Testing, 2011—
International Seed Testing Association).
Seeds of each plant (50) were placed on a plate (N = 4,
four replications for each tested group). Then, prepared
plates were put for three days into a fridge (stratification
process). Tests were performed in three variants: (1) a con-
trol group—the growth of plants watered with water (2 mL);
(2) compost—the growth of plants with the addition of
compost (1.0 g) (3) extract obtained from the compost
(100 %)—the growth of the plants watered with extract
(2 mL) [22]. All the plates were watered with 2 mL of water
every two days. Germination tests lasted for 9 days. At the
end of the experiment, the plants were collected from each
plate, dried and the dry mass was weighed. Additionally, the
effect of the tested algal product (compost or extract) on the
multielemental composition of cultivated plants was evalu-
ated using ICP-OES technique (Inductively Coupled
Plasma—Optical Emission Spectrometry).
Analytical Methods
The analysis of the content of C and N in algae and in the
compost was made with the Vario MACRO Cube CN
analyzer (Elementar Analysensysteme GmbH, Germany).
The analysis of the elemental composition of algae, com-
post, extract from the compost as well as the cultivated
plants was performed using ICP–OES iCAP 6500 Axial
and Radial Vista (Thermo Scientific, Waltham, Mas-
sachusetts, USA) in accordance with PN-EN ISO/IEC
17025:2005. Before multielemental analysis, the samples
[about 0.5 g of dry mass (d. m.)] underwent the
mineralization (with 5.0 mL of 69 % HNO3) in Teflon
bombs using the microwave oven—Milestone Start D
(Milestone S.r.l., Sorisole, Italy).
Statistical Analysis
The results were analysed with the use of Statistica ver. 12,
where statistical significance was established for
p values\ 0.05.
Results and Discussion
The maturity of the obtained algal compost was evaluated
by the observation of the following properties: (1) the
odour of the compost—change from the intense odour of
marine algae into the earthy/humus odour (the change was
observed after 5 weeks of the process), (2) the colour of the
compost—from dark green to dark brown (after 5 weeks),
(3) loosening of the structure of the pellets to the form of
loose soil (after 5 weeks), (4) no forms of fibrous material
(after 4 weeks).
Elemental Composition of Algal Biomass, Algal
Compost and Extract from the Compost
Scientists working on co-composting of algal biomass
suggest that the obtained products could be used as a fer-
tilizer and soil conditioner in agriculture, as they are of a
natural origin [10, 23] and constitute a rich source of
micro- and macronutrients, amino acids, vitamins, plant
growth hormones (auxins, cytokines) and polysaccharides
such as alginates, ulvans etc. [19]. The quality of the
obtained product in terms of the degree of stabilization and
the final available nutrients depends mainly on the carbon
to nitrogen ratio (C:N ratio) of the organic material being
composted. It is an important factor, since affects the
microbial compost communities [2]. An initial C:N ratio of
20:1–40:1 is recommended for rapid composting. How-
ever, C:N ratios as low as 14:1 also compost well and are
practical for composting animal mortalities [24].
The content of C and N in the raw biomass of algae used
in the present study, before composting process, was
20.2 ± 0.2 % d. m. and N 1.86 ± 0.02 % d. m (C:N ratio
10.8). Algae are characterised by a relatively low carbon to
nitrogen ratio [2], for example C:N ratio in green macroalga
Ulva sp. was 8.5 [1], 8.8 [25]. The C:N ratio in the obtained
algal compost was equal 10.8 (the content of C was
14.3 ± 0.2 % d. m. and N 1.31 ± 0.01 % d. m.). The
content of C and N decreased by 29 and 30 %, respectively
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































algae. During the composting process, carbon and nitrogen
are mineralized and lost in gaseous forms mainly as CO2,
NH3, N2O and N2 [26]. In Table 1, several examples of the
composting of algae in piles and windrows are presented. As
can be seen, C:N ratio in the final compost varies from 7 to
45.
In Table 2, the multielemental composition of algal
biomass, compost and extract from the compost is shown.
Algae are known to have a suitable content of nitrogen
and potassium, but are much lower in phosphorus than
traditional animal manures and the typical N:P:K ratios in
chemical fertilizers [6]. In the present study, the content of
N, P and K in the raw biomass of algae was as follows: N:
1.86 % d. m., P: 0.145 % (0.332 % as P2O5) and K:
0.544 % (0.656 % as K2O). By comparing the macroele-
mental composition of algal biomass with other natural
manures, such as farmyard manure (N: 0.57 %, P as P2O5:
0.45 %, K as K2O: 0.52 %) and liquid manure (N: 0.42 %,
P as P2O5: 0.23 %, K as K2O: 0.37 %) [27], it was found
that algae were a richer source of nitrogen and potassium
than the compared manures. Additionally, algae contained
more phosphorus than liquid manure but less than farmyard
manure. The same tendency was observed in the case of the
obtained algal compost that contained: N 1.31 % d.m., P:
0.159 % (0.364 % as P2O5) and K: 0.492 % (0.592 % as
K2O). These results are in agreement with the data pre-
sented by McHugh et al. [6]. Morand et al. [5] showed that
the compost made from green and brown seaweeds, poplar
ground bark and laying-hen droppings had higher content
of N, P and K when compared to manure of cattle and
horses (P as P2O5: 1.05 % w. m. (wet mass) and 0.1–0.5 %
w. m. respectively, K as K2O: 1.0 and 0.1–0.7 % w. m.,
total N: 0.85 and 0.3–0.7 % w. m.). The content of N, P, K
in compost produced from algae ranges from 0.0028 %
[13] to 2.3 % [28] for N; from 0.003 % [13] to 0.183 % [3]
for P; from 0.0171 % [13] to 1.8 % [28] for K (Table 1).
The results obtained in the present study show the
increase of micro- and macronutrients in the produced algal
compost when compared with the raw biomass (Ca by
27 %, Cu by 11 %, Fe and P by 9.0 %). These findings are
in agreement with the results presented by other authors,
for example Orquin et al. [29] noted the increase of P, K,
Ca and Mg in the compost produced from seagrass and
seaweed mixed with municipal yard and landscape green
waste, Michalak et al. [30] observed the increase of Ca, Fe,
Zn, P, Mg in the compost produced from seaweed Fucus
sp., ecological hay, grass, sawdust and spent mushroom
substrate, Cole et al. [8] noticed the increase of S, Ca, Fe,
Mn, Zn in the compost made from green seaweed—Ulva
ohnoi and sugarcane bagasse biomass. Calcium and iron
were the dominant elements.
One of the main disadvantage of the compost produced
from seaweed might be the content of toxic metals.
Macroalgae are known to accumulate toxic metals [23]. In
the present work it was found that the content of toxic
elements in the obtained compost was below the maximum
acceptable levels: Cr (26.02 ± 3.90\ 100 mg/kg d. m.
limits in the obligatory law), Cd (0.88 ± 0.11\ 5 mg/kg
d. m.), Pb (12.54 ± 1.63\ 140 mg/kg d. m.) taking into
account Polish regulations [31].
Table 2 Multielemental composition of algal biomass, algal compost and compost extract
Element Wavelength
(nm)
Algal biomass [mg/kg d. m.,
(mean ± SD; N = 3)]
Algal compost [mg/kg d. m.,
(mean ± SD; N = 3)]
Compost extract [mg/L,
(mean ± SD; N = 3)]
Al 308.215 3324 ± 665 3846 ± 769 0.55 ± 0.08
B 249.773 175 ± 26 146 ± 22 5.16 ± 0.77
Ca 315.887 13,289 ± 2658 18,097 ± 3619 375 ± 56
Cd 228.802 0.93 ± 0.12 0.88 ± 0.11 0.01 ± 0.00
Cr 267.716 10.30 ± 1.54 26.02 ± 3.90 0.02 ± 0.00
Cu 324.754 23.85 ± 3.58 26.58 ± 3.99 0.21 ± 0.03
Fe 259.940 7727 ± 1545 8460 ± 1692 3.01 ± 0.45
K 766.491 5443 ± 1 089 4917 ± 983 149 ± 22
Mg 285.213 3822 ± 764 3949 ± 790 487 ± 73
Mn 257.610 223 ± 33 189 ± 28 6.52 ± 0.98
Mo 202.030 0.67 ± 0.10 0.66 ± 0.10 0.04 ± 0.01
Na 588.995 5209 ± 1042 4451 ± 890 981 ± 147
P 213.618 1449 ± 290 1587 ± 317 499 ± 75
Pb 220.353 10.59 ± 1.38 12.54 ± 1.63 0.02 ± 0.00
S 181.972 8963 ± 1793 7665 ± 1533 18.75 ± 2.81
Si 251.611 48.55 ± 7.28 177 ± 27 17.60 ± 2.64
Zn 213.856 124 ± 19 118 ± 18 0.50 ± 0.08
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In the present study, from the algal compost, extract was
also obtained (mineral composition is presented in
Table 2). For the comparison, the examples of the multi-
elemental composition of the extracts obtained from green
seaweeds by different extraction techniques are presented
in Table 3.
Minerals and trace elements present in seaweed extracts
enhance plant nutrition and have a critical role in plant
development [32]. In the present study, the extract obtained
from the algal compost was a very good source of Mg, Mn,
Na, P, good of Ca and K and poor of Cu, Fe, S and Zn
when compared with extracts obtained by other extraction
techniques (e.g., supercritical fluid extraction (SFE),
microwave assisted extraction (MAE), chemical extraction
etc.). The multielemental composition of the tested sea-
weed extract was poorer than the compost, however, as it
was indicated in the literature, are bioactive at low con-
centrations (diluted as 1:1000 or more) [19].
The Phytotoxicity of the Products—Germination
Tests
In many studies, phytotoxicity analysis is carried out first in
order to evaluate the utilitarian properties of the obtained
compost. In the literature, it is suggested that composting
of seaweeds reduced their phytotoxicity [3, 33]. Cuomo
et al. [3] examined the phycotoxicity of compost produced
from Ulva sp. on Lepidium sativum. It was indicated that a
complete lack of phytotoxicity and the absence of any
inhibitory effects on the germination rate of L. sativum
seeds showed that the tested compost reached maturation
state and had a good final quality [3]. In the present study,
the obtained results showed that there were no phytotoxic
effects of algal compost and compost extract in the culti-
vation of garden cress (Lepidium sativum) and radish
(Raphanus sativus). The results of the germination tests
after 7 days are presented in Fig. 1: (a) for garden cress and
(b) for radish.
Effect of Seaweed Compost and Compost Extract
from the Compost on Garden Cress and Radish
Yield
In the present work, the preliminary germination tests were
also used the evaluate the effect of algal compost as a
natural organic fertilizer and compost extract as biostim-
ulant of plant on the yield of the garden cress and radish.
Dry weight of the cultivated plants in the examined groups
is presented in Table 4. For both plants, the differences
between the groups (control, algal compost, compost
extract) were not statistically significant (p\ 0.05). The
tested products slightly increased the mass of the plants,
however in both cases better results were obtained for
compost extract, rather than for compost. In the case of
garden cress, the mass of plants in the group with algal
compost was 1.0 % lower than in the control group,
whereas in the group with compost extract higher by
4.1 %. For the radish, the mass of plants in both experi-
mental groups was higher than in the control group—by
6.2 % for algal compost and by 8.8 % for compost extract.
Literature indicates that the application of algal compost
improves the germination of seeds [28], plant growth and
water stress resistance [34], water holding capacity
[13, 34], plant height and weight [11, 14, 35, 36], resistance
Table 3 The examples of the multielemental composition of extracts obtained from green seaweeds
Element Polysiphonia,
Ulva, Cladophora
Baltic green seaweeds Polysiphonia, Ulva,
Cladophora
Baltic green seaweeds Ulva reticulata




MAE 60 C [45]
(mg/L)
Extract obtained by acidic
extraction with water of pH 2
[46] (mg/L)
Extract obtained by
heating for 45 min. in
60 C [18] (mg/L)
Ca 1060 ± 210 127 ± 19 365 ± 54 230 ± 34 158
Cu 6.27 ± 0.94 0.79 ± 0.12 0.11 ± 0.02 0.04 ± 0.01 1.15
Fe 9.24 ± 1.39 30.17 ± 4.52 2.87 ± 0.43 3.76 ± 0.56 5.2
K 51.76 ± 7.76 28,260 ± 5650a 950 ± 140 143 ± 21 175
Mg 406 ± 61 34.11 ± 5.12 322 ± 48 28.50 ± 4.40 108
Mn 6.56 ± 0.98 1.96 ± 0.29 3.07 ± 0.46 1.20 ± 0.18 n.a.
Na 965 ± 145 620 ± 90 1250 ± 250 46.20 ± 6.90 295
P 43.19 ± 6.48 6 050 ± 1210b 32.90 ± 4.90 10.10 ± 1.50 45
S 9300 ± 1 900 1350 ± 270 700 ± 105 532 ± 80 55
Zn 5.25 ± 0.79 6.86 ± 1.03 0.17 ± 0.03 0.65 ± 0.10 1.3
a KOH was used as a solvent; bH3PO4 was used to neutralize the extract to pH 7
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to diseases on plants (e.g., tomato) [11], as well as the
content of micro- and macroelements in the cultivated
plants [14, 36]. Some of the examples of the action of
seaweed extracts in the plant cultivation are presented
below.
In the work of Haq et al. [28], germination tests were
performed on maize (Zea mays). It was shown that in the
group with compost (algae and cow dung, 2:1), the germi-
nation was 78 %, whereas in the group with cow dung—
60 %. Eyras et al. [34] evaluated the effect of compost pro-
duced from seaweed and sawdust (4:1) on the growth of
tomato plants (Licopersicum esculentum var. platense). It
was found that the increase of tomato was proportional to the
compost doses (0—control, 10, 25, 50 and 100 % compost in
a substratum of sand). Results showed that the addition of the
compost increased plant growth and water holding capacity.
In the group with 100 % compost, all plants flowered and
83 % of them bore fruit and survived the imposed water
stress, whereas plants in the group with NPK fertilizer were
severely affected by water stress and only one plant per
treatment survived. Vendrame and Moore [13] also con-
firmed that substrates, designated for plant cultivation,
containing seaweed compost (1:1; seaweed compost and
yard trimmings compost) had greater water holding capaci-
ties than substrates containing the mixture of biosolids
compost and yard trimmings compost (1:1). It was suggested
that seaweed compost could be potentially substituted for
peat in the growing substrate. Illera-Vives et al. [35] noted
that the highest dose of the compost (66 t/ha), produced from
drift seaweed, mackerel waste and pine bark, increased the
tomato yields (also fruit weight and fruit diameter) when
compared with other groups: organic fertilizers—broiler
litter (higher by 12.2 %), slow-release NPK treatment
(higher by 17.6 %) and a control treatment without fertilizers
(higher by 18.3 %). These beneficial effects of the compost
could result not only from the supplementation of nutrients
but also from the improvement of the soil physical conditions
due to high alginate content in algae, as well as the content of
growth regulators, such as auxins and cytokinins. Eyras et al.
[11] found that the compost produced from algae and lin-
gocellulosic material (3:1) aged 9 and 20 months influenced
significantly the total weight of tomatoes, which was higher
by 35 and 65 %, respectively when compared to the control
group (soil without amendment). The doses (5 and 10 kg/m2)
did not show any significant differences within compost.
Effect of Seaweed Compost and Compost Extract
on the Multielemental Composition of Garden
Cress and Radish
Seaweed compost, applied just before cultivation, provides
a ‘‘stimulus’’ effect that makes nutrients rapidly available
to the plants on a relatively long period of time. It was
found that the compost is suitable for intensive cultivation
Fig. 1 Germination tests on a garden cress (Lepidium sativum) and
b radish (Raphanus sativus) after 7 days
Table 4 Dry mass of the
cultivated plants in the
examined groups
Group Dry mass [g (mean ± SD); N = 4]
Garden cress (Lepidium sativum) Control—distilled water 0.061 ± 0.001
Algal compost 0.060 ± 0.001
Compost extract 0.063 ± 0.003
Radish (Raphanus sativus) Control—distilled water 0.306 ± 0.026
Algal compost 0.325 ± 0.008
Compost extract 0.333 ± 0.023
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both in the field and the greenhouse [5]. Among the main
categories of plant biostimulants—seaweed extracts and
botanicals, humic and fulvic acids, protein hydrolysates
and other N-containing compounds, plant growth promot-
ing Rhizobacteria, the function of the improvement of
mineral composition of plant tissues (biofortification) is
assigned to seaweed extracts [37].
In the literature, the effect of algal products (compost,
extracts) on the mineral composition of the cultivated
plants is rarely studied. Usually it is limited to the main
macronutrient—N, P and K. Table 5 presents the multi-
elemental composition of the cultivated plants, garden
cress and radish, treated with algal compost and compost
extract.
For both plants, the addition of algal compost increased
the content of microelements such as: B: by 108 % for
garden cress and by 200 % for radish, Cu: by 6.8 % and
54 %, Mn: by 25 % and 73 %, Si: by 202 % and 567 %,
Zn: by 17 % and 62 % and macroelements such as: Ca: by
16 % and 53 %, respectively, K: by 290 % and by 189 %,
Mg: by 26 % and 26.5 %, respectively when compared
with the control group.
The soil application of the compost extract increased the
content of microelements such as: B: by 134 % in garden
cress and by 122 % in radish, Mn: by 20 % and 30 %, Zn:
by 32 % and 54 % and macroelement K: by 276 % and
153 %, respectively, when compared with the control
group.
In the literature it is suggested that algal extracts can
stimulate the expression of genes that encode transporters
of micronutrients (e.g. Cu, Fe, Zn) [38]. Billard et al.
evaluated the effect of extract from brown seaweed—
Ascophyllum nodosum on the multielemental composition
(N, S, K, Ca, P, Mg, Fe, Na, Mn, B, Si, Cu, and Zn) of
oilseed rape (Brassica napus). The application of Asco-
phyllum extract stimulated root growth and macronutrient
uptake of N, S, K, and P. Moreover, the extract also
increased the content of Mg, Mn, Na, and Cu in plants and
root-to-shoot translocation of Fe and Zn. These observa-
tions were associated with an increased expression of a Cu
transporter (COPT2) and NRAMP3, a gene involved in Fe
and Zn translocation [38].
In the present work we checked, which algae-based
product had beneficial effect on the multielemental com-
position of tested plants. The content of micro- and
macroelements in garden cress was mainly influenced by
the application of compost, especially the content of Cu
was by 16 % higher than for the group with compost
extract, 8.0 % higher for Ca, 6.0 % higher for S and 4.0 %
higher for K and Mn. Better results in terms of
Table 5 Multielemental composition of the cultivated plants
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[mean ± SD (mg/kg
d. m.); N = 4]
Compost extract
[mean ± SD (mg/kg
d. m.); N = 4]
Al 3.16 ± 0.47 78.95 ± 11.84 17.69 ± 2.65 5.13 ± 0.77 36.96 ± 5.54 4.29 ± 0.64
B 12.82 ± 1.92 26.63 ± 3.99 29.98 ± 4.50 6.75 ± 1.01 20.23 ± 3.03 15.02 ± 2.25
Ca 4346 ± 869 5028 ± 1 006 4626 ± 925 7497 ± 1 499 11,478 ± 2 296 7448 ± 1 490
Cd 0.19 ± 0.03 0.22 ± 0.03 0.20 ± 0.03 0.24 ± 0.04 0.35 ± 0.05 0.25 ± 0.04
Cr 2.29 ± 0.34 1.06 ± 0.16 0.99 ± 0.15 0.35 ± 0.05 0.66 ± 0.10 0.41 ± 0.06
Cu 5.03 ± 0.75 5.37 ± 0.81 4.53 ± 0.68 4.22 ± 0.63 6.49 ± 0.97 5.43 ± 0.81
Fe 173 ± 26 167 ± 25 123 ± 18 88.60 ± 13.29 165 ± 25 84.69 ± 12.70
K 13,246 ± 2 649 51,719 ± 10 344 49,779 ± 9 956 9800 ± 1 960 28,285 ± 5 657 24,753 ± 4 951
Mg 5883 ± 1 177 7415 ± 1483 7560 ± 1 512 6341 ± 1 268 8024 ± 1 605 5285 ± 1 057
Mn 43.32 ± 6.50 54.18 ± 8.13 52.12 ± 7.82 32.25 ± 4.84 55.59 ± 8.34 41.78 ± 6.27
Mo 2.56 ± 0.38 2.41 ± 0.36 2.05 ± 0.31 0.77 ± 0.12 0.77 ± 0.12 0.73 ± 0.11
Na 8661 ± 1732 6917 ± 1 383 7527 ± 1 505 2867 ± 573 11,415 ± 2 283 6895 ± 1 379
P 16,827 ± 3 365 16,126 ± 3 225 14,975 ± 2 995 19,626 ± 3 925 21,243 ± 4 249 12,691 ± 2 538
Pb 1.14 ± 0.17 0.16 ± 0.02 \LLD 0.01 ± 0.00 0.13 ± 0.02 \LLD
S 11,660 ± 2332 19,220 ± 3 844 18,014 ± 3 603 33,817 ± 6 763 33,515 ± 6 703 21,749 ± 4 350
Si 51.59 ± 7.74 156 ± 23 52.55 ± 7.88 15.90 ± 2.39 106 ± 16 15.12 ± 2.27




multielemental composition were obtained for the second
tested plant—radish. The content of Na was 66 % higher in
the group with compost, than with the extract, Ca by 35 %,
Mg by 34 %, B by 26 %, Mn by 25 %, Cu by 16 %, K by
12 % and Zn by 5.0 %. Boron was a trace element that
appeared to be provided by seaweed biomass in both
treatments. Similar observation was noted by Winberg
et al. [15], who evaluated the Microdictyon umbilicatum
bloom biomass as an agricultural compost conditioner for
native and commercial plants.
In our previous work, compost and extract obtained
from the composting mixture (seaweed—Fucus sp., eco-
logical hay, grass, sawdust and spent mushroom substrate)
were examined on garden cress. It was found that the
extract better affected the content of macroelements in
plants than compost, however these differences were slight
(2.0 % more of Ca, 1.0 % more of K, 11 % more of Mg
and 15 % more of S). On the other side, examined compost
better influenced the content of microelements (B—35 %
more, Cu—15 % more, Mn—28 % more, Zn—5.0 % more
and Fe *2 times more) than the extract [30]. Mininni et al.
[36] tested the feasibility of the use of compost produced
from the residues of alga Posidonia oceanica, vegeta-
bles (broccoli, fennel and celery scraps) and grapevine
pruning as partial substitutes for peat in the growing media
used in the cultivation of melon and tomato. For both plant,
the best results in terms of the content of micro- and
macroelements were obtained for growing media consisted
of the composted mixture (1:2:2)—25 % and peat—75 %.
For melon the increase was observed for Ca, Cu, Mn and
Zn, for tomato for K, Ca, Mg, Na, Fe, Mn and Zn when
compared with the control group—peat. Morand et al. [5]
indicated that as growth media, algal composts should be
mixed with dirt, sand, turf or artificial supports to reduce
their strength for agricultural use.
Crouch et al. [39] found that the application of seaweed
concentrate (Kelpak) significantly increased the yield and
the amounts of Ca, K and Mg in the leaves of lettuce
receiving an adequate supply of nutrients. These results
were also confirmed by Sosnowski et al. [40], who exam-
ined the effect of the extract from Ecklonia maxima (Kel-
pak) on selected micro- and macroelements in aerial
biomass of hybrid alfalfa. The application of this seaweed
extract led to an increase of the content of P, K, Zn and Mn
in alfalfa aerial biomass. The content of Mg, Ca, Cu and
Mo did not change significantly in response to the tested
extract. In the work of Abd El-Motty et al. [41] it was
confirmed that the application of algal extract in different
doses (0.5, 1.0 and 2.0 %) enhanced N, P, K and B content
in the leaves of Keitte mango trees. Also in the case of the
application of seaweed extract, obtained by the homoge-
nization of red alga Kappaphycus alvarezii, an significant
increase of the N, P and K uptake by grains at higher
concentrations (12.5 and 15 %) was observed when com-
pared with control (water) [42]. Mancuso et al. [43] sug-
gested that the presence of marine bioactive substances in
seaweed extracts improved stomata uptake efficiency in
treated plants compared to non-treated plants. From the
presented examples it can be seen that algal extracts
influenced mainly the content of macroelements in the
cultivated plants. The main ingredients in extracts that
affect plants are phytohormones (cytokinins, auxins),
which are found in the composition of most seaweed
concentrates [19, 40].
Conclusions
In the present work, a method of bioconversion of Baltic
seaweeds, being the result of eutrophication in the coastal
areas, was proposed. From algal biomass, compost and
compost extract were produced. It was proposed to apply
those preparations as natural organic fertilizer and plant
growth biostimulant, respectively. The obtained products
were characterized in terms of the content of micro- and
macroelements and toxic metals using ICP-OES technique.
Based on the obtained results it may be concluded that the
resulting compost and extract were of good quality in terms
of nutrient content and low toxic metal content. The con-
tent of C and N in the obtained compost decreased by 29
and 30 %, respectively when compared with the natural
biomass of algae. The increase of micro- and macronutri-
ents (Ca by 36 %, Cu by 11 %, Fe and P by 9.5 %) in the
compost was observed when compared with the raw bio-
mass. The algal extract obtained from the compost was a
source of Mg, Mn, Na, P, Ca and K.
The phytotoxicity of algae-based products was evalu-
ated in the germination tests on the garden cress (Lepidium
sativum) and radish (Raphanus sativus). No phytotoxic
effect was recorded. Additionally it was found that the
examined products slightly increased the mass of the
plants. For both plants, the addition of algal compost
increased the content of microelements such as: B, Cu, Mn,
Si, Zn and macroelements such as: Ca, K and Mg when
compared with the control group. The soil application of
the algal extract increased the content of microelements
such as: B, Mn, Zn and macroelement K when compared
with the control group. Better elemental composition had
plants treated with algal compost, rather than with extract.
The obtained results show that composting technology can
be used as a method to turn seaweed biomass into compost
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